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(57) ABSTRACT

A method is provided for producing electrodes of flow cell
having high power density. A plurality of seeds are distributed
on a surface of a conductive carbon material. The seeds are
etched into nanoparticles to form carbon nanotube (CNT)
electrodes. The present invention can be applied to vanadium
redox flow cell with advantages of the CNT electrodes, such
as conductivity, corrosion resistance, mechanical strength
and specific and electrochemical surface area. Electrons are
directly passed to the material through CNTs and then to an
external electronic load for improving power density of flow
cell, making a cell pack more compact and reducing energy
consumption on charging and discharging without using
noble metal material.
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1
METHOD OF FABRICATING ELECTRODES
OF HIGH POWER-DENSITY FLOW CELL

TECHNICAL FIELD OF THE INVENTION

The present invention relates to manufacturing electrodes;
more particularly, relates to directly passing electrons to a
conductive carbon material through carbon nanotubes (CNT)
and then to an external electronic load for improving power
density of flow cell, making a cell pack more compact and
reducing energy consumption on charging and discharging
without using noble metal material.

DESCRIPTION OF THE RELATED ART

Traditionally, for making electrodes of flow cell, finished
conductive carbon nanotubes (CNT) are mixed with graphite,
which thereby are used as electrodes for transferring elec-
trons in the flow cell.

However, since the conductive CNTs are finished in
advance, they cannot be directly formed on the surface of the
graphite. As a result, conductive CNTs have bad contact with
the graphite, where electrical conductivity, corrosion resis-
tance, mechanical strength, specific surface area and electro-
chemical surface area are all poor. In addition, during the
electrons are transferred through the electrodes, more energy
may be needed.

Hence, the prior art does not fulfill all users’ requests on
actual use.

SUMMARY OF THE INVENTION

The main purpose of the present invention is to use CNT
electrodes with advantages of their conductive properties,
corrosion resistance, excellent mechanical strength, high spe-
cific surface area and electrochemical surface area to be used
in vanadium redox flow-cell electrodes to directly pass elec-
trons to a conductive carbon material through CNTs and then
to an external electronic load for improving power density of
flow cell, making cell pack more compact and reducing
energy consumption on charging and discharging without
using noble metal material.

To achieve the above purpose, the present invention is a
method of fabricating electrodes of high power-density flow
cell, comprising steps of: (a) pre-treatment: processing a
high-temperature treatment to a conductive carbon material;
(b) seed settlement: distributing a plurality of seeds on a
surface of the conductive carbon material; (c) etching: etch-
ing each of the seeds on the surface of the conductive carbon
material into a plurality of nanoparticles; and (d) microwave
molding: forming a plurality of CNT electrodes on said sur-
face of said conductive carbon material by directly microwav-
ing said nanoparticles. Accordingly, a novel method of fabri-
cating electrodes of high power-density flow cell is obtained.

BRIEF DESCRIPTIONS OF THE DRAWINGS

The present invention will be better understood from the
following detailed description of the preferred embodiment
according to the present invention, taken in conjunction with
the accompanying drawings, in which

FIG. 1 is the flow view showing the preferred embodiment
according to the present invention;

FIG. 2 is the view showing the step of pre-treatment;

FIG. 3 is the view showing the step of seed settlement;

FIG. 4 is the view showing the step of etching;

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 5 and FIG. 6 are the views showing the step of micro-
wave molding; and

FIG. 7 is the view showing the forming of the CNT elec-
trodes on the surface of the conductive carbon material.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The following description of the preferred embodiment is
provided to understand the features and the structures of the
present invention.

Please refer to FIG. 1 to FIG. 7, which is a flow view
showing a preferred embodiment according to the present
invention; views showing steps of pre-treatment, seed settle-
ment, etching and microwave molding; and a view showing
forming of CNT electrodes on a surface of a conductive
carbon material. As shown in the figure, the present invention
is a method of fabricating electrodes of high power-density
flow cell, comprising steps of pre-treatment 1, seed settlement
2, etching 3 and microwave molding 4. A chemical vapor
deposition device assisted with microwave plasma (not
shown) or other devices can be used for fabrication.

(a) Pre-treatment 1: In FIG. 2, a conductive carbon material
11 is processed through a high-temperature treatment, where
the conductive carbon material 11 is a carbon or graphite felt.
On processing the pre-treatment, the conductive carbon mate-
rial 11 is burnt at a temperature of 140 Celsius degrees (°
C.)£20% for at least 10 hours in a furnace with oxygen
introduced. Then, after being burnt, the conductive carbon
material 11 is cooled down to a room temperature and, then,
is heated up again to 500° C.+20% for processing a function-
alization treatment. Or, impurities in the conductive carbon
material 11 are removed with 8 mores (M) of nitric acid and
2M of sulfuric acid under a reflux condition.

(b) Seed settlement 2: In FIG. 3, a plurality of seeds 21 are
distributed on a surface of the conductive carbon material 11,
where the seeds 21 are iron. On setting the seeds 21, a sol-gel
method or an iron-bearing leaching method is used to distrib-
ute the seeds 21 on the surface of the conductive carbon
material 11.

(c) Etching 3: In FIG. 4, a hydrogen-plasma treatment is
used to directly etch the seeds 21 on the surface of the con-
ductive carbon material 11 into nanoparticles 31, where the
nanoparticles 31 has a size less than 10 nanometers (nm).

(d) Microwave molding 4: In FIG. 5, FIG. 6 and FIG. 7, a
chemical vapor deposition device assisted with microwave
plasma is used to form multi-walled CNT electrodes 41
directly with the nanoparticles 31 on the surface of the con-
ductive carbon material 11, where the diameter of each CNT
electrode 41 is smaller than 50 nm+20% and the length of
each CNT electrode 41 is about 1 micrometer (um)+20%.
When the microwave power of the device reaches 2500 watts
(W), CH,, H, and N, are introduced at flow rates of 20 stan-
dard cubic centimeters per minute (sccm), 80 sccm and 80
sccm, respectively, for 10 minutes to grow the CNT elec-
trodes 41. During growing the CNT electrodes 41, the device
is maintained at a pressure of 40 torrs+20% and a reaction
temperature of 900° C.+20%.

To sum up, the present invention is a method of fabricating
electrodes of high power-density flow cell, where the present
invention can be applied to vanadium redox flow cell with
advantages of CNT electrodes, such as conductivity, corro-
sion resistance, mechanical strength and specific and electro-
chemical surface areas; and where electrons are directly
passed to a conductive carbon material through CNTs and
then to an external electronic load for improving power den-
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sity of flow cell, making a cell pack more compact and reduc-
ing energy consumption on charging and discharging without
using noble metal material.

The preferred embodiment herein disclosed is not intended
to unnecessarily limit the scope of the invention. Therefore,
simple modifications or variations belonging to the equiva-
lent of the scope of the claims and the instructions disclosed
herein for a patent are all within the scope of the present
invention.

What is claimed is:

1. A method of fabricating electrodes of high power-den-
sity flow cell, comprising steps of:

(a) pre-treatment: processing a first high-temperature treat-
ment at a first elevated temperature to a conductive car-
bon material, then cooling the conductive carbon mate-
rial to room temperature, then exposing the conductive
carbon material to a second high-temperature treatment
at a second, more elevated temperature;

(b) seed settlement: distributing a plurality of seeds on a
surface of said conductive carbon material;

(c) etching: etching each of said seeds on said surface of
said conductive carbon material into a plurality of nano-
particles; and

(d) microwave molding: forming a plurality of carbon
nanotube (CNT) electrodes on said surface of said con-
ductive carbon material by introducing CH,, H, and N,
and directly microwaving said nanoparticles,

wherein, in step (a), said first high-temperature treatment
comprises exposing the carbon-based conductive mate-
rial to a temperature of 140 Celsius degrees (° C.)x20%
for atleast 10 hours in a furnace with oxygen introduced.

2. The method according claim 1, wherein, in step (a), said
conductive carbon material is selected from a group consist-
ing of a carbon felt and a graphite felt.

3. The method according claim 1, wherein the second
high-temperature treatment comprises exposing the conduc-
tive carbon material to 500° C.+20% and so as to process a
functionalization treatment.

4. The method according claim 1, further comprising
removing impurities in said conductive carbon material with
8 molar (M) nitric acid and 2M sulfuric acid under a reflux
condition.

5. The method according claim 1, wherein, in step (b), said
seeds are iron and said seeds are distributed on said surface of
said conductive carbon material through a sol-gel or an iron-
bearing leaching method.

6. The method according claim 1, wherein, in step (c), each
of said seeds on said surface of said conductive carbon mate-
rial is directly etched into said nanoparticle through a hydro-
gen-plasma treatment.
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7. The method according claim 1, wherein, in step (d), a
chemical vapor deposition device assisted with microwave
plasma is used to directly form multi-walled CNT electrodes
on said surface of said conductive carbon material directly
with the nanoparticles.

8. The method according claim 7, wherein, when micro-
wave power of said device reaches 2500 watts (W), CH,, H,
and N, are introduced at flow rates of 20 standard cubic
centimeters per minute (sccm), 80 sccm and 80 scem, respec-
tively, for 10 minutes to grow said CNT electrodes; and
wherein, during growing said CNT electrodes, said device is
maintained at a pressure of 40 torrs+20% and a reaction
temperature of 900° C.+20%.

9. The method according claim 1, wherein, in step (d), each
of said CNT electrodes has a diameter less than 50 nanom-
eters (nm)=20% and a length of 1 micrometer (um)+20%.

10. A method of fabricating electrodes of high power-
density flow cell, comprising steps of:

(a) pre-treatment: processing a first high-temperature treat-
ment at a first elevated temperature to a conductive car-
bon material, then cooling the conductive carbon mate-
rial to room temperature, then exposing the conductive
carbon material to a second high-temperature treatment
at a second, more elevated temperature;

(b) seed settlement: distributing a plurality of seeds on a
surface of said conductive carbon material;

(c) etching: etching each of said seeds on said surface of
said conductive carbon material into a plurality of nano-
particles; and

(d) microwave molding: forming a plurality of carbon
nanotube (CNT) electrodes on said surface of said con-
ductive carbon material by introducing CH,, H, and N,
and directly microwaving said nanoparticles,

wherein, in step (d), a chemical vapor deposition device
assisted with microwave plasma is used to directly form
multi-walled CNT electrodes on said surface of said
conductive carbon material directly with the nanopar-
ticles,

wherein, when microwave power of said device reaches
2500 watts (W), CH,, H, and N, are introduced at flow
rates of 20 standard cubic centimeters per minute
(scem), 80 scem and 80 scem, respectively, for 10 min-
utes to grow said CNT electrodes; and wherein, during
growing said CNT electrodes, said device is maintained
at a pressure of 40 torrs£20% and a reaction temperature
of 900° C.+20%.
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